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(57) Claim 

1. Conjugates of cytokines with human immunoglobulin. 

2. Conjugates according to claim 1 of the formula 

Ck-Z-Ig (I) 

in which Ck is a residue of a natural human cytokine or of c recombinant 
cytokine, Ig is a residue of a htnan inmmoglobulin and Z is a covalent 
bond or a covalently bonded f^rgiinlc bridge-former, and in which Ck. Ig 
and/or Z also nay occur several tines. 

3. Conjugates according to claim 2 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon., .of interleukin. of 
a related compound or of a fragment that retains the biological activity. 
Ig is a residue of a natural human immunoglobulin. 2 is a covalent: bond 
or a covalently bonded di-, tri- or tetra-valent hydrocarbon radical 
which, if desired, is substituted and/or in which, if desired, one or 
nore carbon atons have been replaced by oxygen, sulfur and/or unsubsti- 
tuted or substituted nitrogen atons. and in which Ck. Ig and/or Z also 
nay occur several tiaies. 

9. A process according to clain 8 for the preparation of conjugates of 
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which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula 1 with one another that a conjugate having covalent bonds is 
formed* and isolating the conjugate. 

10. A process according to claim 9 which comprises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxylic acid group 
or with a reactive derivative thereof, or 

b) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, treating two complementary sub-units that 
both contain a mercapto group with a mild oxidizing reagent, or 

c) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond, substituting a reactive substi tutable 
functional derivative of the mercapto group of one sub-unit with the 
complementary sub-unit containing a mercapto group, or 

d) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-sulfur bond, adding a sub-unit containing a 
mercapto group to the complementary sub-unit containing a carbon-carbon 
double bond or containing an epoxide function, or substituting a carbon- 
halogen bond by the mercapto group » or 

e) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single or double bond» condensing an 
aldehyde group of one sub-unit with the complementary sub-unit containing 
an amino or hydrazine group* and* if desired, reduc.ing the resulting 
carbon-nitrogen double bond to a carbon-nitrogen single bond with a 
reducing agent, or 

f) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single bond, adding a sub-unit containing 
an amino or a hydrazine group to the complementary sub-unit containing an 
epoxide function, or substituting a carbon-halogen bond by the amino or 
hydrazine group. 
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1*3- A method of truaLiiig viral infections ami tumours in an animal 
incluiiing man, which compr i se:* administering an effective amount of 
conjugates of cytokines with human immunoglobulin according to claim 1 
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ConjuRates of cytokines with immunoglobul ins 

The present invention relates to novel conjugates consisting of a cyto- 
kine and human immunoglobulin* if desired linked by means of ah organic 
bridge- former^ to processes for the preparation of such conjugates » to 
pharmaceutical preparations, and to the use of those conjugates for the 
treatment of viral infections and tumours. 

Background of the invention 

Cytokines are soluble proteins and glycoproteins that are secreted by 
somatic cells « especially immunocompetent cells, in response to a stimu- 
lation. Cytokines have a large number of biological activities. They are 
messenger molecules that take part in the regulation of the metabolic 
status of adjacent cells, are produced locally in the cells and are also 
normally effective only locally. Cytokines enhance or. suppress the activ- 
ity of an adjacent cell in respect of a specific property. 

Examples of cytokines are mediators that influence monocytes and macro- 
phages^ such as macrophage migration inhibition factor (MIF), macrophage 
activating factor (MAF) or chemotactic factor for macrophages, mediators 
that influence polymorphonuclear leucocytes, such as leucocyte inhibition 
factor, leucocyte migration inhibition factor (LIE) or leucocyte 
migration promotor factor, mediators that influence lymphocytes, 
antigen-specific or non-specific helper cell factors or antibody produc- 
tion suppressor factors, mediators that act on other cells, such as 
lymphotoxins^ tumour necrosis factor (TNF), colony stimulating factor 
(CSF), growth inhibition and growth promotor factors, especially B-cell 
growth factor (BCGF), insulin-like growth factor (IGF), platelet-derived 
growth factor (PDGF), fibroblast growth factor (FGF) and others, and also 
the group of interferons (IFN) and the group of interleukins (ID. 



Like most of the cytokines, interferons have a molecular weight In the 
range of from 10.000 to AO, 000 Daltons. They protect cells against a , 
large number of viruses, inhibit cell growth in culture, influence immune 
responses and Increase the amount or activity of certain specific Intra- - 
cellular enrymes. Interferons are subdivided into three classes, namely 
interferon o. Q and y. Natural human interferon alpha (huIFNo) is pro- 
duced by leucocytes and lymphoblastoid cells and comprises at least a 
dozen different polypeptides which differ from one another in their amino 
acid composition and In their degree of glycosylation. Natural human 
Interferon beta (huIFNO) Is formed by practically all body cells, for 
example by fibroblasts and to a slight extent also by lymphoblastoid 
cells. Natural human Interferon gamma (huIFNy). klso called immune Inter- 
feron, is produced by T- lymphocytes or NK cells. In contrast to IFNa and 
IFNO, IFNy Is acld-labile (pH 2) and 1. distinctly different in its 
serological properties. 

Human cytokines for therapeutic use can be obtained by culturing stimu- 
lated normal human cells. This source Is of little practical Importance, 
however, owing to the limited availability of cultlvatable human cells 
and Che Inherent separation problems and costs. Certain cytokines can 
also be obtained by culturing continuous human cell lines. The method 
best suited to the Industrial preparation of cytokines, hoyever. Is £he 
cultivation of gene-teehnologlcally modified bacteria, fungi or •asHMllan 
cell lines In which the genetic infonnation for the synthesis of the 
desired cytokine has been incorporated by recoablnant gene technology. 
This method also renders possible the preparation of compounds that 
differ from natural compounds and consequently have different and better 
properties for certain intended uses. 

The therapeutic use of cytokines, for example of Interleukin 2, inter- 
feron o or lnterferonr» is not without problems. They are normally 
quickly broken down and/or excreted. In the case of systemic administra- 
tion it Is difficult to build up and maintain the high plasma concentra- 
tion necessary for an antiviral or anti- tumour activity. On the other 
hand, undeslred side effect, arise, which are possibly attributable to 
the passage of the cytokines through the blood-brain barrier. There is 
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therefore a pressing need to find ways and means on the one hand to 
achieve therapeutically effective high concentrations of cytokine in the 
plasma, and on the other hand to limit or reduce undesired side effects. 

Object of the invention 

The object of the present invention is to render cytokines available in a 
form that makes it possible to increase their residence tine and concen- 
tration in blood plasma and tissue. An especially suitable solution to 
this problem is provided by conjugates consisting of a cytokine and human 
iamunoglobulin. if desired linked by means of an organic bridge-former . 
that surprisingly have distinctly longer biological half-lives than free 
cytokines. Also described are a process for the preparation of the con- 
jugates, pharmaceutical preparations and their use in the treatment of 
viral infections and tumours* 

Description of the invention 

The invention relates to conjugates of cytokines with human immunoglobu- 
lin. • 

A cytokine is a soluble protein or glycoprotein^ as synthesised and if 
need be secreted* in response to a stimulation, by soaatie cells, for 
example immunocompetent cells* in order to effect a metabolic change in 
adjacent cells, for «xanple In order to Influence their growth proper- 
ties, and Is also a related compound that differs fron a natural cytokine 
as a result of the replacement, omission or addition of one or more aalno 
adds and/or carbohydrate residues, or Is a fragment of such a compound 
that retains the biological activity. For example, one. two. three or 
four amino adds of a natural peptide may be replaced by other amino 
adds or may be omitted completely, one. two. three or four additional 
amino adds may be present, for example at the amino end of the peptide, 
one or two carbohydrate residues of the natural glycoprotein may be re- 
placed by other carbohydrate residues or one, two, three or all carbo> 
hydrate residues may be missing. Furthermore, related compounds may be 
composed, for example, also of parts of two different cytokines. 
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Examples of cytokines of tlii:; definition are the naturally occurring 
factors, such as macrophage migration inhibition factor (MIF), macrophage 
activating factor (MAF), interleukin I. 2, 3, 4, 5 or 6, colony stimula- 
ting factor (CSF). lymphotoxin, B-c«ll growth factor CBCGF). interferon 
alpha (IFSa), interferon beta (IFMJ) or interferon gamma (IFNr)- espe- 
cially the corresponding human cytokines, also compounds that are related 
or identical to the natural factors and are produced by recombinant gene 
technology in prokaryotes* in eukaryotes or mamm;ilian cells* such as 
recombinant MAF, HIT. interleukin. CSFv BCGF. lymphotoxin- IFNa, for 
example IFNfti^ !FNa>» IFXoi etc. up to IFNoi^, and IFXa/A. IFXa/B. 
IFSa/D» IFNa/F or IFXo/B-D hybrids, IFNB or IFXr, and also fragments of 
the natural or recombinant compounds that retain the biological activity. 
Hormones and antibodies (also called immunoglobulins) that are secreted 
by B-lymphocytes after stimulation by antigens and/or mitogens do not 
fall within the definition of cytokines. 



I 



I An immunoglobulin is a human immunoglobulin (antibody) that belongs to 
the A» D, E, C or M. class of immunoglobulins, preferably immunoglobulin G 
or M. The variable region of the immunoglobulin has an arbitrary speci- 
] ficity. Preferably, the immunoglobulin in the conjugate of the invention 
j is a mixture of antibodies of the same class of immunoglobulin but of as 
many different specificities as possible* such as can be obtained from 
the blood of healthy humans. An immunoglobulin in the conjugate of the 
invention can* however* also be a polyclonal or nonoclonal human antibodSr 
specific to an antigen that is foreign to the body. 

A conjugate is a hybrid molecule in which one or more cytokines and one 
or more immunoglobulins are combined. It is a chemical complex in which 
the coupling is effected by a chemical bond* for instance an ionic or 
covalent bond* or optionally by a bridge-former* for example an organic 
bridge-former* or an association of the molecules involved. The mentioned 
chemical complexes or associations are preferably stable under physio- 
logical conditions. 



The Invention relates preferably to conjugates of the formula 



Ck-Z-Ig (I) 

in which Ck is a residue of a natural human cytokine or of a recombinant 
cytokine, Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former » and in which Ck, Ig 
and/or Z also may occur several times* 

The residue Ck is mono* or poly-valenC, for example di- or tri-valent, 
depending on the number of hydrogen atoms and/or hydroxy groups that are 
replaced by bonds to bridge* formers Z or to immunoglobulin residues Ig. 

The residue Ig is mono- or poly-valent, for example di-, tri-, tetra-, 
penta- or hexa^-valent , depending on the number of hydrogen atoms and/or 
hydroxy groups that are replaced by bonds to bridge-formers Z or to cyto- 
kine residues Ck* 

In conjugates of the formula I in which Z is a covalent bond, cytokines 
and imnunoglobulins may bcr bonded by an amide bond between a terminal 
amino function or a side-chain amino function of the one peptide and a 
terminal carboxylic acid function or a side^chain carboxylic acid func« 
tlon of the other peptide » or by a carbon-nitrogen bond between a ter*- . 
minal amino function or a side-chain amino function of the one peptide 
and a carbohydrate reslldue of the other glycoprotein. 

In such conjugates in which Z is a covalent bond* the residues of the 
cytokine and of the immunoglobulin are bonded preferably by an amide bond 
between the terminal carboxy function of the cytokine and an amino func- 
tion of the immunoglobulin » or by a carbon-nitrogen bond between an amino 
function of the cytokine and a carbohydrate residue of the immunoglobu- 
lin. 

An organic brldse-former Z la a polyvalent* for exaiaple di-, tri- or 
tetra-valent* hydrocarbon radical that Is if desired substituted and/or 
In which one or more carbon atoms are if desired replaced by hetero 
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atoms » and that is bonded covalently to the cytokine and to the immuno- 
globulin residue by an amide, ester, amine, thioether, thioestcr or di- 
sulfide single bond or by a carbon*nitrogen double bond. Such hydrocarbon 
radicals have up to 30, especially from 4 to 20, carbon atoms and are, 
for example, of aliphatic, cycloaliphat ic , aromatic, araliphatic or all- 
phatic-cycloaliphatic nature. Substituents of such hydrocarbon radicals Z 
are, for example, one or more, for example two, if desired protected 
hydroxy groups, oxo groups, if desired protected amino groups, imino, 
nitro, lower alkoxy, lower alkylamino, di-lower alkylaroino or lover alkyl 
groups, if desired protected hydroxy-lower alkyl groups, if desired pro- 
tected amino-lower alkyl groups, if desired protected mercapto-lower 
alkyl groups, roethy Ithio-lover alkyl groups, if desired protected 
carboxy-lower alkyl groups, carbamoyl-lover alkyl, amidino-lower alkyl, 
aryl-lower alkyl, for example phenyl-lower alkyl or if desired protected 
hydroxyphenyl-lower alkyl groups, and heteroaryl-lower alkyl groups, for 
example if desired protected indolyl-lover alkyl or Imidazoly 1-lower 
alkyl groups. In such hydrocarbon radicals Z hetero atoms that replace 
carbon atoms are, for example, oxygen, sulfur and/or nitrogen, the 
nitrogen atoms if desired being substituted by lover alkyl or being part 
of a cycloaliphatic ring. 

Divalent hydrocarbon radicals are, for example, lover alkylene, cycle- 
alkylene. phenylene or combinations of these radicals « such as lover 
alkyiene«-cycloalkylene, lover alkylene-^phenylene, lover alkylene-cyclo- 
alkylene-lover alkylene, lover alkylene-phenylene-^lover alkylene or the 
like. Divalent hydrocarbon radicals in vhich hetero atoms replace carbon 
atoms are* for example, amino-lpver alkylene. lover alkylene-amino- lover 
alkylene» hydrazino-phenylene-amino, oxy-lover alkylene» lover alkylene* 
oxy-*lover alkylene, thio-* lover alkylene» lover alkylene-thio-lover alky- 
lene» lover alkylene-dithio-lover alkylene and asacycloalkylene in vhich 
a nitrogen atom replaces a ring carbon atom, and combinations of the 
mentioned radicala, such as, fofr example, from 2 to 10 repeated units of 
the same or different amino-lover alkylene radicals that if desired are 
bonded to hydrazino-phenylene» amino-lover alkylene-dithio-lover alky- 
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lower alkylene-cycloalkylene-azacycloalkylene. lower alkylene-oxy- or 
.»ino-lower alkylene-azacycloalky lene, azacycloalky lene-phenylene-azi^ 
cycloalkylene. lover alkylene-amino-phenylene-amino-lower alkylene. lower 
alkylene-oxy-lower alkylene-oxy-lower alkylene or the like. 

Trlvalent hydrocarbon radicals are. for example, lower alkylene-«ethyl- 
Idene, phenylene-lower alkylidene and similar radicals and the corre- 
sponding radical, in which nitrogen ato«s replace carbon atoms are. for 
example, amino-phenylene-hydrazinylidene. Tetravalent hydrocarbon 
radicals are. for example, lower alkanediylidene. cycloalkanediylidene or 
similar radicals. 

The term "lower" used in lower alkyl. lower alkoxy. lower alkylene or the 
like indicates such groups having from 1 to 7, preferably from 1 to 4. 
carbon atoms. Lower alkyl preferably ha. up to 4 carbon atoms and is. for 
example, methyl, ethyl, propyl, isopropyl. butyl, isobutyl. sec-butyl or 
tert.-butyl. Lower alkoxy preferably has up to 4 carbon atoms and is. for 
example, methoxy. ethoxy. propoxy or butoxy. Lower alkylene preferably 
has up to 7 carbon atom. .„d 1.. for example, methylene, ethylene. 
1.3-propylene. 1.4-btttylene or 1 .6-hexylene. 

Cycloalkylene preferably has from 3 to 8 carbon atoms and Is. for 
example. 1 . 2-cyclopenty lene . 1 . 3-cyclopentylehe . 1 .4-cyclohexylene or 
1.5-cyclooctyle„e. Phenylen. 4f I ,2-. 1.3- pr l,4.phenyle«e. Atacyclo- 
alkylene Is. for example. l-««.-l .2-cyclopentylene. . 3-cyclo- 

pentylene or l-aza-l,3-cyclohexylene. 

Protecting groupa are tho.e customarily used In peptide and/or carbo- 
hydrate chemijBtry. 

A protected amino group 1.. for example. In the form of a readily cleav- 
able acylamlno. arylmethylamlno . 2-acyl.lower alky lenyl-l -amino or allyl- 
aialno group or In the form of an atldo group. Preferred a«lno-protectlng 
group, .re acyl radical, of carbonic acid .emie.ter.. especially tert.- 
butoxycarbonyl. If iealred sub.tituted benzyloxycarbonyl . diphenyl- 
.ethoxycarbonyl. 2-h.lo-low.r alkoxyc.rbonyl . trltyl or fonayl. 
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A hydroxy group is protected, for example, in the form of a readily 
cleavable acyloxy group, especially an oxycarbonyloxy group, such as 
tert.-butoxycarbonyloxy. benzylcxycarbonyloxy or 2^halo-lower alkoxy- 
carbonyloxy. or a readily cleavable ether group, especially arylmechoxy. 
such as crityloxy. 1-oxyalkoxy. such as 1-ethoxyethoxy. or 2-tetrahydro- 
pyranyloxy. and silyloxy. such as tert.-butyldi»,ethylsilyloxy. 

A carboxy group i, protected, for example, in the form of a readily 
cleavable ester group. Preferred carboxy-protectlng groups are tert.- 
butoxy. if desired substituted benzyloxy. diphenylmethoxy . allyloxy and 
2-( trlmethylsilyl )ethoxy. 



A mercaptp group is protected, for example, in the form of a readily 
cleavable thioester. monothioacetal . thioether or disulfide group. 

A bridge-former 2 is linked with the cytokine residue and the immunoglo- 
bulin residue, for example by an amide bond between the terminal amino 
function or a side-chain amino function of the cytokine or immunogiobulin 
and a carboxy function of 2. by an amide bond between a terminal carboxy 
function or a side-chain carboxy function of the cytokine or immunoglo- 
bulin and an amino function of 2. by a nitrogen-carbon single or double 
bond between a terminal or a side-chain amino function of the cytokine or 
immunoglobulin and • carbon atom of 2. by a carbon-nitrogen single or 
double bond between a carbohydrate residue of the immunoglobulin and an 
•mine or hydruine function of Z. by an ester bond between a hydroxy 
function of *« ..ino .dd or of a carbohydrate residue of the cytokine or 
l««.„oElob«U„ and a carbon atom of 2. by a thioether or thioester bond 
between . mercapto function of « cysteine residue of the cytokine or of 
the Immuneglobulin ,„d . carbon atom of 2 or by a disulfide bridge 
between a mercapto function of a cysteine residue of the cytokine or 
Imaunoslobttlln and a mercapto function of Z. 

A bridge-former 2 Is. for example, l-oxo-lower alkylene or 1-oxo^lower 
•Ikylene-amlno, such as carbonyl-propylene. carbonyl-propylene-amino. 



methylene. Preferably, such a croup Z is linked to the cytokine or 
Immunoglobulin at the carbonyl croup and at the amine radical by an amide 
bond and. if desired, is bonded at the lower alkylene end by a carbon- 
nitrogen single bond. 

Another bridge-former 2 is. for example, a divalent or trivalent radical 
consisting of from 1 to approximately 10. preferably from 1 to 3. 
carbonyl-methylene-amino groups and. if desired, a carbonyl-methylene, a 
phenylene-hydrarino or a phenylene-hydrazinylidene group. In such a 
carbonyl-methylene-amino group, if desired methylene Is substituted by 
lower alkyl. hydrcxy-lower alkyl. amino-lower alkyl. mercapto-lower 
alkyl. methylthio-lower alkyl. carboxy-lower alkyl. carbamoyl-lower 
alkyl. amidino-lower alkyl. phenyl-lower alkyl. hydroxyphenyl-lower 
alkyl. indolyl-lower alkyl or imidazolyl-lover alkyl. for example as in 
the residues of the naturally occurring amino acids glycine, alanine, 
valine, leucine, isoleucine. serine, threonine, lysine, cysteine, 
methionine, asparagine. glutamlne. aspartlc acid, glutamic acid, 
arginine. phenylalanine, tyrosine, tryptophan and histidine. Methylene 
and amino in a carbonyl-methylene-amino group may also be bridged by 
lower alkylene. for example as in the residue of the naturally occurring 
amino acid proline. The carbonyl-«.thyl.n.-.«l„o group, .ri linked to on. 
another and to the c.rbonyl-^ethylen. group by .«lde bond.. Preferably, 
such a bridge-former is linked with th^ cytokine or Immunoglobulin .t the 
carbonyl end and at the amino end by an amide bond and. If applicable, at 
the methylene end or at the hydrazine end by a carbon-nitrogen single 
bond and at the hydr.xinylldene end by a carbon-nitrogen double bond. 

Example, of such brldge-f ormer. are the tripeptide residue, glycine- 
alanine-arginlne. i.oleucine-alanine-tyrosine. the pentapeptlde re.idue. 
l.«cine.glyeine-.l.„l„e-lanine-arginine. glycine-glycine-leucine- 
«l.nin.-tyro.l„.. .l.»*«-isoleuclne-alanine.i.oleuclne-ly.ine and 
brldge-former. in which tho.e peptide re.idue. are bonded at the nitrogen 

end to carbonyl-methylene. «-phenylene-hydrazino or A-phenylene-hydrazin- 
ylidene • 



Another bridge- former Z is a divalent radical amino-lower alkylene*thio » 
preferably amino-ethy lene-thio » oxo-iower alkylene-chlo , preferably 
carbonyl-mcthylene-thio or carbonyl-echylene-thio » methylene-carbony 1- 
methylene-thio. or l-imino-lover alkyl< ne-thio. preferably carbonimidoyl- 
propylene-thio. In such a bridge-former the thlo function Is bonded to a 
cysteine residue of the cytokine or Immunoglobulin by a disulfide bridge 

Another bridge-former 2 is the divalent radical amino-lower alkylene-di- 
thio-lover alkylene-amino , preferably amino-ethylene-dithio-ethylene- 
amino, or oxo-lover alkylene-dithio-oxo-lover alkylene, preferably 
carbonyl-methylene-dithio-methylene-carbonyl, carbonyl-ethylene-dithio- 
ethylene-carbonyl or carbonyl-propylene-dithio-propylene-carbonyl , oxo- 
lower alkylene-dithio-lmino-lower alkylene^ for example carbonyl- 
methylene-, -ethylene- or -propylene-dithio-propylene-carbonimidoyl« or 
iiaino-lower alkylene-di thio-imino-lower alkylene, for example carbon- 
imidoyl-propyiene-dithio-ptopylone-carbonimidoyl or carbonisiidoyl- 
butylene-dithio-bucylene-carbonimidoyl. In such bridge-formers the 
carbonyl function is linked to the cytokine or immunoglobulin preferably 
by an amide bond and the carbonimidoyl function preferably by a thio- 
iminoester bond* 

Another bridge-former 2 is, for example, a divalent radical that is 
formed on the one hand from oxo-lover alky lene, such as carbonyl- 
ethylene, from carbonyl-cycloalkylidene, such as carbonyl-1 ,4-cyclo-: 
hexylene, from methylene*carbonyl-methylene, methylene-carboxy-lower 
8lkylene» such as nethylene^-carboxy-methylene, from methylene-carbox- 
amido-*lower alkylene, auch as methylene-carboxamido-methylene, or from 
carbonyl^henylene, preferably earbonyl-1 ,3^phenyiene, and on the other 
hand from l-auccinlttldylene-3, l-succinimldylene-3-thio-lower alkylene- 
amino, stteh as I-8uccini»idylene-3-thio-ethylene-a»ino, from 1-succin- 
inidylene*3-thio-oxo-lover alkylene in which lower alkylene is, for 
example, ethylene or, preferably/ propylene, from l-suceinimidylene-a- 
thio-methylene-carbonyl*methylene or from l-auceinimidylene-3*thio* 
imino-lower alkylene in which lower alkylene is preferably butylehe. The 
two groups of the bridge-former are linked with one another via the 



bridge-former is bonded, for example » at carbon 3 to a mercapto group of 
a cysteine residue of the cytokine or immunoglobulin • Especially 
preferred are the bridge-formers carbonyl-1 , 3-phenylene-l -succin- 
imidylene~3- thio-ethylene-carbonyl and carbonyl-1 , 3-phenylene-l— succin- 
lmidylene-3-thio-propylene-carbonimidoyl , which are linked to the cyto- 
kine and the immunoglobulin by amide bonds and a thioiminoester bond. 

Another bridge-former Z is, for example, a divalent lower alkylene 
radical, a trivalent lower alkylene-methylidene radical or a tetravalent 
lower alkanediylidene radical, it being possible for these radi<*als to be 
substituted by lower alkyl, for example 1 ,5-pentylene , 3-methyl-l , 5- 
pen tylene , 3 , 3-diroe thy 1-1 , 5-penty lene , 1 , 6-hexy lene , 1 , 4-buty lene- 
methylidene, 1 , 5-pentdiylidene , 3-methyl-l , 5-pentdiyiidene , or 3,3-di- 
methyl-1 , 5-pentdiylidene, preferably 1 , 5-pentylene and 1 , 5-pentdiylidene . 
Such a bridge-former is preferably linked with the cytokine and the 
immunoglobulin by a carbon-nitrogen single bond or double bond. 

Another bridge-former Z is, for example, a divalent lower alkylene 
radical having 2 hydroxy groups » for example 2, S-^dihydroxy-l «4-butylene 
or, preferably, 2, 4-dihydroxy-1 ,5-pentylene, or lower alkylene-oxy-lower 
alkylene and lover alkylene-oxy-lower alkyiene--oxy-lower alkylene having. 
2 hydroxy groups, for example (2-bydroxy-l,3-propylene)-oxy-(2-hydroxy* 
1%3-propylene) or (2-hydroxy»l ,3-prDpylene>*oxy-*(l ,4-butylene)-»oxy-(2-* 
hydroxy-l,3-*propylene). Such a bridge-former is preferably linked to the 
cytokine and immunoglobulin by a carbon-nitrogen single bond* 

Another bridge-former Z is, for example, a divalent carbonyl-amino«* 
phenylene-amino-carbonyl radical, which if desired is substituted by 
lover alkyl groups, for example carbonyl-amino-1 ,4-phenylene-amino- 
carbonyl or carbonyl-amino-l-methyl-2,4- or -2,6«phenylene-amino- 
carbonyl, or the corresponding thiocarbonyl radicals. Such a bridge- 
former is linked to an amino group of the cytokine and of the immuno- 
globulin by an amide bond and is thus a urea or thiourea derivative* 



Compared with cytokines alone, the conjuRates of the invention surpris- 
ingly have a substantially higher residence time half life in blood ' 
Plaama and tissue. This observation can be made, for example, by inject- 
ing experimental animals, for example mice, rats or rabbits, intravenous- 
ly. subcutaneously or Intramuscularly with cytokines only, with conju- 
gates according to the invention, and with mixtures of non-conjugated 
cytokines and InMnunoglobulin. taking blood and tissue samples at various 
intervals and ascert-lnlng their content of cytokine or cytokine conju- 
gates. This test demonstrates that, compared with cytokines alone or 
cytokine-immunoglobulin mixtures, the residence time half life of the 
conjugates of the invention 1, higher by a factor of 5 or more. 

The conjugates of the invention can therefore be used in the same manner 
as the corresponding cytokines on their own for the treatment of viral 
infections and/or tumours. Compared with the cytokines themselves, how- 
ever, the conjugates of the invention have the advantage that they can be 
used in distinctly smaller amounts owing to their longer residence time 
In the organism and especially in the bloodstream and tissue. Further- 
-ore. it la to be expected that the conjugates of the Invention, when 
applied directly to the site at wMch they are to act. will remain there 
longer and thus bring about fewer side effects, for example, in the 
central nervoua system. 

The invention relate, especially to conjugates of the formula I m which 

Ck Is a residue of a natural or recombinant human Interferon, of inter- 
l.uki«. of . related compound or of . fragment that retain, the biologi- 
cal activity, for example Interferon alpha, beta or gamma. Interleukln 2 
or a recombinant protein or glycoprotein In which one. two. three or four 
amino adds of .„ interferon or interleukln have been replaced or 
omitted, in addition one. two. three or all of the carbohydrate residue, 
of an interferon or interleukln are missing, part, of two different 
interferon, or Interleukln. .re combined with one another, or only the 
hlologlcally active part of the Interferon or Interleukln Is present. 



Ig is a residue of a natural human imiiiunoglubulin« for exanple an immuno- 
globulin G or M from the blood of a healthy human, 

2 is a covalent bond or a covalontly bonded di-» tri- or tetra*valent 
hydrocarbon radical which* if desired* is substituted and/or in which, if 
desired, one or more« for example two, three or four, carbon atoms have 
been replaced by oxygen, sulfur and/or unsubstituted or substituted 
nitrogen atoms, for example lower alkylene, cycloalkylene , phenylene and 
combinations of the three mentioned radicals with one another and/or with 
oxy, thio and unsubstituted or lower alkyl*substituted amino, also with 
azacycloalkylene, it being possible for the said radicals to be substitu- 
ted by hydroxy, oxo, amino, imino, lower alkoxy, lower alkylamino, di- 
lower alkylamino, lower alkyl. hydroxy-lower alkyl, aroino-lower alkyl, 
mercapto-lower alkyl, methyl thio-lower alkyl, carboxy-lower alkyl, carba- 
moyl-lower alkyl, amidino-lower alkyl, phenyl-lower alkyl, hydroxyphenyl- 
lower alkyl, indolyl-lover alkyl or by imidazolyl-lower alkyl, also lower 
alkylene-methylldene, phenylene-lower alkylidene, amino-phenylene-hydra- 
zinylidene, lower alkanediylidene or cycloalkanediylidene , . 

and in which Ck, Ig and/or Z also may occur several times, for example 
twice or three times. 

The invention relates more especially to conjugates of the formula I in 

which ^. 

Ck is a residue of a natural or recombinant human interferon or of a 
related compound » for example natural Interferon alpha » natural Inter* 
feron gamma» recombinant interferon alpha* for example ZFNoi» IFNtts* 
IFN03 to IFNai4, and XFNa/A, IFMo/B, IFNtt/D, IFNa/F or IFNa/B-D hybrid in 
glycosylated or non-glycosylated form and with, if desired, replaced, 
missing, or one to four additional, amino acids, or recombinant Inter- 
' feron gamma , 

^ ■ 

Ig is a residue of a natural human immunoglobulin, for example an immuno- 
globulin C or M from the blood of . a healthy human, and 



Z Is a covalent bond or a covalently bonded divalent hydrocarbon radical 
which. If desired. Is substituted by oxo or l«i„o and/or In which one or 
more, for example two, three or four, carbon atoms have been replaced by 
oxygen, sulfur and/or nitrogen atoms, for example unsubstituted or oxo- 
and/or Imino-substltuted lower alkylene and combinations of that radical 
with oxy. thio. amino, phenylene and/or azacycloalkylene. for example 
1-oxo-lower alkylene. for example carbonyl-propylene . carbonyl-ethylene 
or carbonyl-methylene. 1-oxo-lower alkylone-amlno. for example carbonyl- 
propylene-amino or carbonyl-ethylene-a.lno. amlno-lower alkylene-thlo, 
for example amino-ethylene-thlo , oxo-lower alkylene-thio. for example' 
carbonyl-methylene-thio. carbonyl-ethylene-thlo or methylene-carbonyl- 
methylene-thio. 1-imino-lower alkyleno-thio . for example carbonimldoyll 
propylene-thlo. amino-lower alkylene-dithio-lower alkylene-amlno. for 
example a«lho-ethylene-dlthio-ethylen,-a«lno . oxo-lower alkvlene-dlthlo- 
oxo-lower alkylene. for example carbonyl-methylene-dlthio-methylene- 
carbonyl. carbonyl-ethylene-dlthio-ethylene-carbonyl or carbonyl-propy- 
lene-dlthlo-propylene-carbonyl . oxo-lower alkylene-dlthlo-lmino-lower 
alkylene. for example carbonyl-ethylene-dlthlo-propylene-carbonlmldoyl. 
imlno-lower alkylene-dlthlo-l«l„o-lower alkylene. for exampi; carbon- 
l«ldoyl-propyl.„e-dlthlo-propylene-carbo„imldoyl . carbonyl-phenylene- 
.ucdnlmtdylene. for example carbonyl.1 .3-phenylene-l-succlnlmidylene-3. 
c.rbo„yl.phenylene-.«cclnl.ldylene-thlo-lower alkylene-amlno. for example 
carbonyl.l.3-phe„ylene-l-aucclnl«idylehe.3-thlo-ethylene.a»l„o. carbonyl- 
phenylene-,ucclni«ldylene-thlo-oxo-lo«er alkylene, for example carbonyl- 
1 .3-phe„ylene-l-.«cclnl«ldylene-3-thio-ethyie„e-carbo«yl, or carbonyl- 

phenylene-.«cclnl»ldylen-thlo-l«l„o-lower alkylene. for example 
c.rbonyl-l , 3.pfc.„yl.„e.l.,„„t„j., jyl.„..3.^^^^.^^^^^^^^^^^^^^^^^^ 

The invention relate, more especially to conjugate, of the formula I in 
which Ck la a residue of a natural or recombinant hu.«„ Interferon alpha, 
for example IFNOji, or IFHa/B-D hybrid, Ig Is a residue of a natural human 
Immunoglobulin C. for example as can be obtained fro. the blood of a 
healthy human, and Z 1. . covalently bonded oxo- .nd,or imino-substltuted 
lower alkylene-dithio-lower alkylene radical, for example carbonyl- 
othylene-dithlo-ethylene-earbonvl. carbonv)..^»,^i.„.-^..v, 



Most especially the Invention relates to the conJu(;ates mentioned in the 
Examples* 

The Invention relates also to a process for the preparation of cytokines 
with human immunoglobulin which comprises reacting a cytokine with human 
immunoglobulin and. If desired^ a bridge-former. The conjugation is 
effected according to methods that are kiiovn per se* 

The invention relates preferably to a process for the preparation of 
conjugates of the formula 

Ck-2-Ig <I), 

which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula I with one another that a conjugate having covalent bonds is 
formed* and isolating the conjugate. 

The present invention relates especially to the said process which com- 
prises: 

a> for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond* condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxylic acid group 
or with a reactive derivative thereof* or 

b) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a disulfide bond* treating two complementary sub-units that 
both contain a mercapto group with a mild oxidising reagent* or 

c> for the preparation of a conjugate of formula 1 in which the sub-unita 
are linked by a disulfide bond* substituting a reactive substitutable 
functional derivative of the mercapto group of one sub-unit with the 
complementary sub-unit containing a mercapto group* or 



d) for the preparation of a conjugate of formula I in which the sul.-units 
are linked by a carbon-sulfur bond, adding a sub-unit contnlninc a mer- 
capto group to the complementary sub-unit containinfi a carbon-carbon 
double bond or containing an epoxide function, or substituting a carbon- 
halogen bond by the mercapto group, or 

e) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single or double bond, condensing an 
aldehyde group of one sub-unit with the complementary sub-unit containing 
an amino or hydrazino group, and. if desired, reducing the resulting 
carbon-nitrogen double bond to a carbon-nitrogen single bond with a 
reducing agent, or 

f) for the preparation of a conjugate of formula I in which the sub-units 
are linked by a carbon-nitrogen single bond, adding a sub-unit containing 
an amino or a hydrazino group to the complementary sub-unit containing an 
epoxide function, or substituting a carbon-halogen bond by the amino or 
hydrazino group. 

Palra of sub-units that can be linked together according to process a) by 
an amide bond are. for example, a cytokine and an Immunoglobulin that 
each contain a free carboxy group or a free amino group, a cytokine and 
an Immunoglobulin substituted by one or more bridge-formers containing a 
free carboxy and/or amino group, a cytokine substituted by one or more 
bridge-formers containing a free carboxy and/or amino group and an 
immunoglobulin, or a cytokine and an immunoglobulin that each carry a 
bridge-former moiety containing a free carboxy group and a free aminb 
group, respectively, and these two moieties together form a bridge-former 
2. Such pairs of sub-units or mixtures of three sub-units consisting of 
cytokine, immunoglobulin and a bridge-former containing a free carboxy 
and a free amino function are treated with • condensing agent. Suitable 
condensing agents are those that are conventionally used in peptide 
chemistry, for example carbodlimidee , for example M,M--dlcyclohexyl- 
carbodllmlde. preferably water-soluble carbodiimidea such as M-ethyl- 
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ethyl)-isocya„i.io, if desired In the presence of a tertiary amine, for 
example triethylaminc , N-«ethyl«orphollne or «-dlmethylaminopyridine. and 
of an activated ester-forming hydroxy compound, for example K-hydroxy- 
succlnimide. K-hydroxy-5-norbornene-2 . 3-dlcarboxylic acid imidc or 
l-hydroxybenzotriazole. Other auttable condensing agents are. for 
example. 2-ethoxy-l -ethoxycarbonyl-1 .2-dlhydroquinoline or activated 
phosphates, such as diphenylphosphoroazldate or diethylphosphorocyani- 
date. if desired in the presence of a tertiary amine. The condensation is 
carried out in an aqueous solvent that may contain an organic or Inor- 

^nic buffer and/or a mlscible organic diluent, for example a lower 
alkanol. for example tort . -butanol . a lower alkanediol. for example 
glycol, dimethylformamide. acetonitrile or Che like, at temperatures of 
from approximately -20-C to approximately ♦50»C, preferably from S'C to 
room temperature. 



1 Reactive functional derivatives of sub-units in process a) can be formed 

in situ and are. for example, reactive carboxyllc acid derivatives, for 
I example activated carboxyllc acid esters, reactive mixed anhydrides, 
I reactive cyclic amides, Isocyanates or isothiocyanates. 

Activated esters of carboxyllc acids are. for example, of the vinyl ester 
type, for example actual vinyl ester., carl^amoyl vinyl esters or 1-lower 
alkylvlnyl eater., eater, of the amldlne type, for example N.K'-disub- 
atltuted amldlno ester, that can b. obtained by triiatlng the correspond- 
ing add with a aultabla H.H'-dl.«b.tlt«t.d carbodllmlde. for example 
with H.H'-dicycloh.xylcarbodli«lde, or al.o »,N-dl.«b.tit«t.d amldlno 
•stera. .ultable aryl e.ter.. cpeclally phenyl e.ter. .ub.tltuted by 
electron-attracting aub.tltuent.. for example 4-„ltrophenyl. 2.4.5-trl. 
chlorophenyl. pentachlorophenyl or 4-phenyldlazophenyl e.ter. cy.nomethyl 
ester,, thloe.ter.. e.pecially nltrophenyl thloe.ter. or preferably amino 
or amldo e.ter, that have been obtained, for example, by treating the 
corresponding acid with an H-hydroxy«ml„o or N-hydroxya«ido co-pound, for 
example with N-hydroxy.«cclnl»lde. K-hydroxyplp.rldlne. M-hydroxyphthal- 

imide. N-hydroxy-5-norbornen-2.3-dlc.rboxyllc add Imld. or l-hydroxy- 
benzotrlazole. 



• * • • • • 
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Reactive mixed anhydrides of acids arc, for example, anhydrides with 
Inorganic acids, for example acid halldcs, enpecially acid chlorides 
anhydrides with carbonic acid lower alkyl semiestcrs. anhydrides with 
dihalogenated. especially dichlorlnated, phosphoric acids or phosphoric 
acid derivatives, anhydrides with strong carboxylic acids, for example 
trlfluoroacetlc acid, or anhydrides with organic sulfonic acids, for 
example lower alkanesul f onic acids or arylsulfonic acids, such as 
methane- or p-toluene-sulfonlc acid. 

Suitable cyclic amides are especially those with f Ive-mcmbered aromatic 
dlazaheterocycles, for example amides with Imidazole or pyrazole. for 
example with 3.S-dlfflethylpyrazole. 

Reactive carboxylic acid derivatives are reacted with a reactant contain- 
ing a free amino group under the same reaction conditions as those 
described above for non-activated sub-units except that the condensing 
agent can be omitted. Preferably, an acld-blnding compound is added, for 
example an alkali metal carbonate or hydrogen carbonate, for example 
sodium or potassium carbonate or hydrogen carbonate, customarily together 
with the corresponding sulfate, or an organic base, for example a ster- 
ically hindered trl-lower alkylamine, for example ethyldiisopropylamlne. 

Preferably, the reaei;ive carboxylic acids are derivatives of the bridge- 
former, for example dlcarboxylic acid dichlorldes. activated dicarboxylic 
add dieoters. dllsocyanates. for oxample phenyleno^l .4-dilsocyanate or 
l-«ethyl-phenylene-2.4-dli8ocyanato, or dllsothiocyanates. 

The starting iDaterial. for procos. a> aro known or can be prepared 
according to known processes, for example by a process as described 
hereinbefore or hereinafter. 

Pair, of aab-unlt. that can produce a diaulfido bond in accordance with 
process b> or c> ara, for example, a cytokine and an immunoglobulin that 
both contain a bridge-former moiety containing a mercapto function and in 



which the bridge- former moieties toccther form the radical 2. In process 
c) the mercapto croxip of one of the two sub-units is In the- form of a 
reactive substltutable functional derivative. 

Suitable oxidlrine ac'^nts for process b) of the pr^-sent invention are 
especially mild oxidizing agents, for example Iodine. I .2-di iodoethylene. 
o-iodobenzolc acid. 1 . 10-phenanthrol ine and copper sulfate, potassium 
hexacyanoferrate(III) or. preferably, oxygen or air. The reaction Is 
carried out In water or aqueous buffer solution at a pll of from approxi- 
mately 3 to approximately 9. preferably close to the neutral point, and 
at temperatures of from approximately -5*C to approximately room tempera- 
ture. The aqueous reaction medium contains, if desired, a miscible 
organic solvent, for example a lower alcohol, for example tert . -butanol . 
dimethyl formamide. acetonltrlle or the like, and/or an alkali metal 
iodide, fo" example sodium or potassium iodide. 

A reactive substitutable functional derivative of the mercapto group of a 
sub-unit in process c> can be formed in situ and is. for example, a 
sulfenyl halide. sulfonamide, sulfenylsulfone. thlosulfate or. prefer- 
ably, a mixed disulfide. 

A sulfenyl hallde Is. for example, a sulfenyl chloride or a .ulfenyl 
.romlde. A sulfenamid. 1. derived, for example, from a cyclic amli.e. . 
dlcarboxyllc acid Imlde or a heterocyele and 1.. for example. N-,ulfenyl- 
Plperldlne, N-sulfenylsucclnlmlde. M-aulfenylphthallmlde. K-aulfenvl-S- 
norbomene-2.3-dlcarboxyllc acid Imlde. l-.ulf enylbenaotrlazole or 
l-sulfenyllmldazole. 

A mixed disulfide la. for example, a disulfide with .„ aromatic thiol, 
for example with thlophenol substituted by halogen, nltro. cy.no or 
carboxy. for example with o-chlorothlophenol . 2.4.dlchlorothlophe„ol or 
?-nltrothlophe„ol. or a disulfide with a heteroaromatlc thiol, for 
example with pyridine thiol, preferably with 2-pyrldl„e thiol, with 
-rcaptopyrldlnecarboxyllc acid, qulnollnethlol. 2-merc.ptobe„xlmldazole. 
2-mercaptobenzothlazole or with 2-»ercaptobenzoxazole. 



A sulfenylsulfonc is., for example, n lower alky Ithlosulfonate , for 
example a methanothiosiil lonate . or a bcnzencthiosul f onnce . which, if 
desired, is substituted by methyl, nitro or h.-iloB«..n. for example 
£-toluenethlosul f onate . 

In a thiosulfate the organic radical containine the derlvatised mercapto 
function is bonded to the sulfur. Preferably, the thiosulfate is in 
anionic form, for example an alkali metal thiosulfate. for example sodlun 
or potassium thiosulfate. 

There is especially preferred as the reactive subst itutable functional 
derivative of the mercapto group in process c) a mixed disulfide, 
especially a disulfide with 2-pyr idinethiol . 

The reactive functional derivatives of the mercapto group are prepared 
according to known customary methods from compounds having a free 
mercapto function or a mercapto function derivatised in some other 
manner . 

In process c) the react.int containing a free mercapto group and the 
reactant containing a reactive substitutable functional derivative of the 
mercapto group are reacted In water or, preferably. In an aqueous buffer, 
at a pH of from approximately 3 to approximataly *?. preferably close to 
the neutral point, that 1. to .ay at a pH of from 6 to 8. at temperatures 
of from approximately -20*C to approximately ♦50»C. preferably from -5»C 
to room temperature. If desired, the aqueous reaction medium contain, a 
mlsclble organic solvent, for example a lower alkanol. for example tert.- 
butanol. dlmethylformamlde. acetonltrlle or the like. 

The starting materials for processes b> and c) are known or can be 
prepared by processes that are known per ae . for example by a process as 
described hereinbefore or hereinafter. A substituted cytokine and a sub- 
stituted Immunoglobulin in which the substltuents carry a mercapto group 
are prepared, for example, from the cytokine and from the Immunoglobulin, 
respectively, by reaction with a compound containing a orotected merc»nro 



ester as described hereinbefore under process a). The protecting group of 
the mercapto function Is then removed by processes that are known 
per se > For example* a disulfide, as described hereinbefore as a reactive 
substitutable functional derivative of the mercapto group, can be used 
as a protecting group during a process analogous to process a), and 
afterwards cleaved under mild reducing conditions, for example with a 
thiols for example 2-mercaptoethanol , 3-mercapto-l , 2-propanediol , thio- 
glycolic acid, thioglycolic acid methyl ester or 3-mercaptopropionic 
acid, or preferably with a dithiol. for example dithiothreitol or dithio- 
erythritol, in an aqueous buffer solution at a pH of from approximately 
3 to approximately 6, preferably from 4 to 5 » at temperatures of from 
approximately -5*C to approximately room temperature. 

A substituted cytokine and a substituted immunoglobulin in which the 
substituents carry a mercapto function can be prepared, for example, also 
from a cytokine and from an immunoglobulin, respectively, by reaction 
with an iminothiolactonc , for example 2-iroinothiolane , in an aqueous 
buffer solution at a pH of from approximately 5 to approximately 9, 
preferably close to the neutral point, that is about pH 8 , at tempera- 
tures of from approximately -5*C to approximately room temperature. 

Especially preferred is a process in which a cytokine or an immunoglobu- 
lin is condensed with K-auceinimidyl<-3-(2-pyridyldithio)-proplonate in 
accordance with process a), at the aa»e time the appropriate complemen- 
tary immunoglobulin or cytokine is reacted with 2-iminothiolane in the 
manner described above, and the two sub-units are linked to form a dithio 
bond according to process c>. Preferably the reaction steps are carried 
out without intermediates being isolated. 

Pairs of sub-units that together can form a carbon-sulfur bond according 
to process d) are» for example, cytokines and inmunoglobulins substituted 
by bridge-former moieties, in which one bridge- former moiety carries a 
carbon-carbon double bond, a carbon-halogen bond or an epoxide function 
and the other bridge-former moiety carries a mercapto group, and the two 
bridge-former moieties together form the radical Z. 



The carbon-carbon doubU bond In process d) Is preferably substituted" at 
one or both ends by an electron-attractinc group, for example by a 
carbonyl group of a ketone, of an ester or of an amide, for example as ir 
vinyl ketones, acrylic esters, acrylamidea. substituted 2-hutene-l 
dlones. for example quinones. fumaric esters, fumarlc amides, maleic 
esters or. preferably, maleimldes. 

The halogen atom of a carbon-halogen bond in process d) is. for example, 
chlorine, bromine or iodine. The carbon-halogen bond is preferably 
activated by a carbon-carbon or a carbon-oxygen double bond, for example 
as in ally! halldes, halomethyl ketones, for example chloromethyl 
ketones, haloacetic acids and haloacetl. acid derivatives, for example 
lodo-, bromo- or chloro-acetates and -acetamides . a-chloro-lower alkane- 
carboxylates and the like. 

The epoxide function in process d) Is preferably o primary epoxide func- 
tion, that is to say a monosubst ituted oxirane. and can be obtained, for 
example, in situ from a halohydrin by treatment with a base. 

In process d> . the reactants are reacted in an aqueous solvent that. If 
desired, contains an organic or inorganic buffer and/or a miscible 
organic solvnt. for .x.»pl. . lower alkanol. a lower alkanedlol. dl- 
»ethylfor««ld.. acetonitrlle or the like, preferably in the presence of 
•n acld-blndlng agent, for example an alkali metal carbonate or hydrogen 
carbonate, for example .odium or potassium carbonate or hydrogen carbo^ 
nate. or alkaline earth metal c«bo„.t., for axample magnesium carbo- 
nate or caldu. carbonat. . or .„ organic base, fo.r example a aterlcaUy 
hindered trl-lower alkylamlne. for example ethyldllsopropyla-lne. at 
temperatures of from approximately .20-C to approximately ♦50*C. prefer- 
ably from -S*C to room, temperature. 

The starting -at.rlal. for process d> are known or can be prepared 
according to processes that are known per se. for example according to 
one of the processes described hereinbefore or hereinafter. In partlcu- 



lar, subsciruced cytokines or aubsc ituted immunoclobu 1 ins concainine 
mercapto groupa aro prepared in the mnnner descrit>.>d tor the starting 
materials for processes h) and c>. 

Pairs of sub-units that together can form a carbon-nitrogen single or 
double bond according to process e) are. for example, a cytokine contain- 
ing a free amino group, or substituted by one or more bridge-formers 
containing a free amino or hydrazine function, and a reactive derivative 
of an immunoglobulin containing an aldehyde function, a reactive deriva- 
tive of a cytokine containing an aldehyde function and an immunoglobulin 
containing a free amino group or containing a bridge-former having a free 
amino or hydrazine function, or a substituted cytokine and a substituted 
immunoglobulin in which one substituent contains an aldehyde function and 
the other, complementary substituent, contains an amino or hydrazino 
function, and the two eubstituents are together a bridge-former 2. 

A conjugate of the formula I is also formed in process e) from a mixture 
containing a cytokine, an immunoglobulin and a reactive derivative of the 
bridge-former containing two aldehyde functions, for example a lower 
alkane dialdehyde. for example glutaraldehyde. 

The condensation according to process e) is carried out in an aqueous 
solvent which. If desired, contains an organic or Inorganic buffer and/or 
a olacible organic solvent, for example a lover alkanol. for example 
tert.-butanol. a lower alkanedlol . f or example glycol, dlethylene glycol, 
polyethylene glycol, dimethylformamtde. acetonitrile or the like, «c 
temperatures of from approximately -20-C to approximately +50*C. prefer- 
ably from -5*C to room temperature. 

The conjugates obtainable in this manner containing carbon-nitrogen 
double bonds, that i. to say imine. or hydrazonea. are, if desired, 
treated with a selective reducing agent that reduces the carbon-nitrogen 
double bond to the more stable carbon-nitrogen single bond, without 
affecting the amide bonds of the proteins. Such reducing agent, are. for 
example, borohydrides . fcr example alkali metal borohydrldes. for example 



oro- 
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desxred. ou. or two hydrirtcn h.v.. br,e„ r.plnccd by lowor ..Ikoxy eroups 
for oxampU. j., dloH-thcxyborohydr ido or sodium tor t . -buto.yb 

hydride, or preferably In whJcb one hydrid... h.,s b.,.„ r.plac.d by 
rroup, a..; in sodium cyanoborohydrido. 

The reduction is cnrri-d out in an aqu.-ous buff.r solution at a pH of 
from approximately 3 to app, oximately 9, preferably of from 3 to 6 for 
reductions with sodium cyanoborohydride . „„d cloae to the neutral point 
that is to say at a pH of from 6 to 8. for reductions with metal boro- ' 
hydrides that arc unsubst Ituted or substituted by lower alkoxy groups at 
temperatures of from approximately -20-0 to approximate! v .^Cc, prefer- 
ably from -5-C to room temperature. If desired, the aqueous solvent 
contains a miscible organic diluent, for example a lower alkanol. for 
example methanol, ethanol. isopropanol or tort . -butanol . or diethylen. 
Glycol, trlethylene clycol. acetonltrile «r the lik^. 

The startins materials for process e, are known or can be prepared 
according to processes that are known per_se. for example by a process 
desc-.i ,d hereinbefore or-herelnaf ter. Reactive derivatives of , cytoUine 
or immunoglobulin containing an aldehyde function can be prepared 1„ 
accordance with a process as described in European Patent AppUc- 
tipn 88 695. ,„ thi. process the carbohydrate residues of the said co„- 

Z2 -"-^--^ derivatives by pa.ei.X oxidae,on. That 

Patent Application also describes the formation of compounds having a 
hydrazine function, for example by the reaction of an amine with 
£-f luo ropheny 1 hy d raz i ne . 

J.ir. ,f ,..ct.„t. that „„ tor. . c„b.„-„l.„g.„ 

-a„c. „Ufc p„„.. „ ,„ ^ ^^^^^^^ c„nt.l»i„, . tr^ 

.-In. group .„d .„ ,™„„oel.b.U„ -b.tlt.tod by on. or *o„ b.id... 

kin. .ub.tlt„.«, by or .or. brid..-for..r. .ont.lnin, . ..rbon- 
h-losen bond or .„ .p.«,d. function .„d .n l-»n.,l.buU„ cont.lnln, . 
fr.. ..i„o group, or .„b.tlt.t.d .ytokln.. .„d .„b.tlt„t.d l«...gl.b.- 
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clon and f„ pairs the sobstltuehts together fonn a bridge-former 2. A 
conjugate of formula I is also formed in process f, from a mixture con- 
taining a cytokine, an immunoglobulin and a reactive derivative of a 
bridge-former containing two carbon-halogen bonds or two epoxide func- 



tions. 



The nature of the carbon-halogen bond and of the epoxide function is 
preferably as described above under process d>. Reactive derivatives of a 
bridge-former containing two carbon-halogen bonds are. for example, bis- 
halomethyl ketones, for example I . S-dichloro- or 1 . 3-dibromo-acetone 
bi»-haloacetlc acid derivatlv.a. for example 1 .4-butanediyl-bis-iodo- or 
-bro»o-acet*te and similar compounds. Reactive derivatives of a bridge- 
former containing two epoxide functions are, for example, butadiene-bis- 
epoxide. 1.4-pentadiene-bl8-epoxide or bls-glycldyl ether. 

The reaction conditions for process f) are the same as the reaction con- 
ditions described herelnbefo.e under process d) . 

The starting materials for process f) are known or can be prepared 
according to processes that are known £er^. for example by a process as 
described hereinbefore* 

The intermediates and end products of the proce.... of the invention ar. 
If desired, purified, for example by dialy.l. against water or buffer 
solutions, by chromatographic methods, preferably gel chromatography, 
high pressure liquid chromatography, affinity chromatography or ion ex- 
change chromatography, by ultrafiltration or by uit recent rlfugat ion. 

The invention relates also to those forms of the process -in which a com- 
pound obtainable as intermediate at any stage Is „.ed a. starting 
«aterlal and the remaining step, are carried out. or the proces. 1. dla- 
continued at any stage, or a compound obtainable in accordance with the 
process of the invention is produced under the process condition, and 
further processed in situe 



The invention relates also to novel intermediates and processes for the 
preparation thereof. The starting materials and the reaction conditions 
are preferably so selected that those compounds referred to In the des- 
cription as being preferred are obtained. 

The conjugates of the invention can be used for the treatment of viral 
infections and tumours in the form of pharmaceutical preparations that 
contain an effective amount of the conjugate together with a significant 
amount of an inorganic or organic, solid or liquid, pharmaceutically 
acceptable carrier. 

Pharmaceutical preparations for parenteral, for example t .cramuscular 
subcutaneous or intravenous, administration to humans are preferred. Such 
preparations are isotonic aqueous solutions or suspensions containing the 
active conjugates together with a carrier and. if desired, adjuncts, for 
example stabilisers, emulsifiers. solubilisers . salts for regulating the 
PH and the osmotic pressure, preservatives and/or wetting agents. The 
Pharmaceutical preparations can be prepared according to methdds that are 
known Her^. for example in a process in which the active conjugates and 
the pharmaceutically acceptable carriers and adjuncts are mixed. If 
desired lyophillsed. and dissolved before use. 

The dosage of the pharmaceutical preparation, confining th. active co„. 

ugates depends on the disorder to be treated, the body weight, age and 
individual condition of the patient a. ..,e..ed by the doctor In att.n- 
Cance. and on the method of admlnlatratlon. Con^a red with th. do.ag. of 
the corresponding free cytokine. «.ount. that are £ro» two to approxl- 
a^tL'V""'"" times ..aller ... used producing th. .am. blologlc.l 
activity. For .x..ple. a conjugate containing Interferon alpha 1. admin- 
istered in from one to three dally dosage unlta of from 10* to 10* lu 
international Unit, of Interferon activity), preferably from 10* to 
lU. The conjugate can also be administered In higher doses, for 
example in such an amount that the same biological activity is achieved 
a. is customarv with free cvtokine. As a result, the des,..^ 



The foUowinB Ex;in,|iles serve to iJlu:;trate the invention but do not lin 
the scope thereof in any way. 

The abbreviations used in thu Kxa,npN.s have the foliowin« meanings: 

IFN interferon 

Ig immunoglobulin 

IgG immunoglobulin G 

lU International Units of IFX activity 

PBS phosphate-buffered physiological saline 

rIFN recombinant interferon 

Example 1; [ rlFNa^^) [ ( C«XH )CH;CH;CH; SSCH,CH,( C=0) ) [ IgGl 

1 ug of polyclonal human antibody IgC ( lyophilisate, Intraglobin F^. 

Biotest) is dissolved in an Eppendorf tube in 500 nl of PBS, pH 1 

12 m of 1.6 mM 3-(2-pyridyldithio)-propionic acid S-hydroxvsuccinI™ide 

ester and 12 pi of ethanol are added dropwise to the IgG solution shaken 

in a Khirlmix and the mixture is incubated at room temperature for 

30 minutes. Subsequently the mixture is dialysed overnight against PBS 

(buffer changed 3 times) at 4*C. 

10 n of recombinant human interferon are dissolved in an Eppendorf 
tube in 500 pi of PBS. pH 7.2. 2-iminothiolane is dissolvod at 0*C in l.M 
triethanolamine hydrochloride. pH 8.0. 5 pi of this iminothiolane solu- 
tion are added to the IFM solution and the mixture is incubated at room 
temperature for 90 minutes. The reaction mixture is dialysed against PBS 
at C four times, for I hour in each case. The IFN solution is mixed 
with the above IgG solution, shaken at room temperature for 2 hours and 
maintained at 4'c overnight. 

The conjugate is separated from free IFN by ultrafiltration at A'C using 
a filter (average exclusion limit 50 000 Daltons). The two fractions are 
tested for IFN activity in the CPE inhibition assay (Cytopathlc Effect 
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for a control the ± 
The same reaction is also 

*eron a tnpe m and with , 

^DRK Blutspendedlenst fr« natural human Inter- 

^p'i".., c„» ,,,,, 

2d * 
spendedlenst natural human interfo^ 

82 „T , ""'"^•^^^''^^°>-P-Pionic acid v h . '''' of 

82 Ul of PBS are added to each , '''^^^'^^-^y'uccinlmide ester « ^ 

30 »inutes at room ^ -oi"tlo„, the mixtures are i V 

night at 4-c 1 ^^""^-"-e with gentle shalci... . "'"'^^ 

«'ablU3ed With 0.1 Z '^^S- The IFN solution 

adjustow - *«umin and stored at ik^n ' " 

^^^^^^^^ ^SSl^Snc^m. Of 

the conjugate «r r- *"tM«uscularly with OA T — -= 

•xa.ined foj "'^"^^^ ' 3 x 10. xu sJr ^ 

al« . activity i„ cPE-i„K.w. «a«piea are 

"Inutea. «, g, 24 « *^»*2-lnhlbltlon asaay affr 

» '•♦t <»8, 56 . "J' arter a few 

"easured are as foii this assav th 

" follow. (iog,„ lu ^^^^ ""-y the activities 



- 


0 h 


6 h 


8 h 


24 h 


48 h 


56 h 


80 


mouse 1 


0.5 


2.3 


2.0 


2.1 


2.0 


2 . 2 




mouse 2 


(2.0) 


2.2 


2.2 


2.2 


2.0 


2.2 


2.2 


mouse 3 


1.5 


2.1 


2.2 


2.0 


2.0 


2.2 


2.2 


Mean value 


1.2 


2.2 


2.1 


2.1 


2.0 


2.2 


2.1 



By comparison, the IFN activity of Intramuscularly Injected IFN'« 



(3 .X 104 lU) 


falls 


off considerably 


more sharply: 






0 h 


4 h 


24 h 


32 h 56 h 


72 


mouse 1 


0.7 


2.3 


0.7 


0.5 0.5 


0.5 


mouse 2 


0.5 


2.2 


1 .6 


1.1 0.6 


0.5 


mouse 3 


0.5 


0.8 


2.1 


0.9 0.5 


0.5 


mouse 4 




1.7 


2^1 


1.2 


0.7 


mean value 


0.6 


2.0 


1.9 


1.0 0.5 


0.5 



2b 



alone 



80 h 

0.5 

0.5 
0.5 

0.5 

Practically the same values as with IFKa2b alone are found if mixtures of 
^™«2b Intraglobin F (human IgC) are Injected. 

^""P^* ^- General specification f« r the Drep ar«^^o» 

C cytokine H < C-0)CH>CHaSSCHgCH>( C»0) 1 f i,^ 1 
In each case 2.5 «g of cytokine and Immunoglobulin are dissolved in 
0.5 ml of PBS pH 7.2 and each solution Is Incubated for 30 minutes at 
25-C with 100 pi of a freshly prepared 3.(2-pyridyldithio,.propionlc acid 
N-hydroxysucdnlmlde ester solution (4 „M). A PD-10 gel filtration column 
is equilibrated with 20 ml of a dlthlothreltol solution. The Ig solution 
is then applied to the column and eluted with 6 ml of acetate buffer of 
PH 4.5. 500 m fractions are collected and the extinction is measured at 
280 nm. Protein-contalnlng fractions are combined, applied to a new PD-10 
gel filtration column equilibrated with PBS and eluted with phosphate 
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solution and Incubated for -> ho... 

at A-c Tho " te^per.tur. and for -*0 h 

C. The reaction product is analysed us in. , ' 

electrophoresis. ^ P"bncr>Ian,Jd., gel 



Example 5.. Pharmaceutical com., . . 

vcnuxc ai composition 

Human albumin -jj_T~ ~ 



- -^°>'».xcai c omposition 

Human albumin 4«i , j j ^ ' 

o. : ;:::r°" - - 

concentration of 1 > i 
mixtures are dialysed against PBS at 4-c r ^ 

bacteriological filter, and the filtrate ^afnir^'r"' ^ 
tlons into 10 1 „i ampoules The a . " ""'"^^'^ 

-»Perature. for example at -.s-V ^^""^^^^ "^^^ " 



THE CLAIMS DKFININC THK INVKNTION ARI- AS FOIIOWS' 

» K X X 



1. Conjugates of cyiokiii....s viih human iinraunoj}lobulin. 

2. Conjugates according to claim 1 of th.. formula 

Ck-Z-lg (I, 

in which Ck is a residue of a natural human cytokine or of a recombinant 
cytokine. Ig is a residue of a human immunoglobulin and Z is a covalent 
bond or a covalently bonded organic bridge-former, and in which Ck. Ig 
and/or Z also may occur several times. 

3. Conjugates according to claim 2 of the formula I in which Ck is a 
residue of a natural or recombinant human interferon, of interleukln. of 
a related compound or of a fragment -that retains the biological activity. 
Ig is a residue of a natural human immunoglobulin, Z is a covalent bond ' 
or a covalently bonded di-. tri- or tetra-valent hydrocarbon radical 
which, if desired, is substituted and/or in which, if desired, one or 
more carbon atoms have been replaced by oxygen, sulfur and/or unsubsti- 
tuted or substituted nitrogen atoms, and In which Ck. Ig and/or Z also 
nay occur several times. 

4. Conjugates according to claim 2 or 3 of the formula I in which Ck is a 
residue of a natural or recombinaint human interferon or of a related 
compound. Ig is a residue of a natural human immunoglobulin, and 2 is a 
covalent bond or a covalently bonded divalent hydrocarbon radical which, 
if desired, is substituted by oxo or imino, and/or in which one or more 
carbon atoms have been replaced by oxygen, sulfur and/or nitrogen atoms. 

5. Conjugates according to any one of claims 2 to 4 of the formula I in 
which Ck in B r«»»ifi«o «f » „^ ^«^««K^n-^^ 4„<^^^r^^^^ 



is a covalenl bond, unsubstituti.d or oxo- or imino-substituted lower 
alkylene, or combinations of that radical with oxy. thio. amino, 
phenylene and/or azacycloalkylene. 

6. Conjugates accordinj? to any one of claims 2 to 3 of the formula I in 
which Ck is a residue of a natural or recombinant human interferon alpha. 
Ig is a residue of a natural human immunoglobulin G. and Z is a covalent- 
ly bonded oxo- and/or imino-substituted lower alkylene-dithio-lower 
alkylene radical. 

7. Conjugates according to any one of claims 2 to 6 of the formula I in 
which Ck is a residue of recombinant IFNa,^. Ig is a residue of a natural 

human immunoglobulin G. and 2 is carbonimldoyl-propylene-dithio-ethvlene- 
carbonyl. 

8. A process for the preparation of conjugates of cytokines with human 
ammunoglobulin according to claim 1, which comprises reacting a cytokine 
with human Immunoglobulin and. if desired, a bridge-former. 

9. A process according to claim 8 for the preparation of conjugates of 
he formula 

Ck-2-Ig (I), 

which comprises so reacting 2 or 3 reactive sub-units of the conjugate of 
formula I with one another that a conjugate having . covalent bonds is 
formed, and isolating the conjugate. 

10. A process according to claim 9 which comprises: 

a) for the preparation of a conjugate of formula I in which the sub-units 
are linked by an amide bond, condensing a sub-unit containing an amino 
group with the complementary sub-unit containing a carboxylic acid group 



M lor tlu. ,.rop..rati„„ „, :, ■:on.l„,,nl„ .., ,„™ulu 1 |„ tl„. s„|.-„„u- 

are lu,k.Hl .,>• a ..i»„|ri,... ,,„,.,,. .r..„tin,: ,u,. co.,„U,..,.l„ V su.,-„„U.. , „.t 
co,.tai„ „„rca„t„ ,;ro„„ with a «,i 1,1 .«i.li..i,„.. ;.,,„...„i. „r 

j c) for u,. pr.p„ra.u,„ „, ,. ..,„J.„,.„„ .„■ ,..,„„,,. , j„ .„,..,„j,^ 
, ar. n„ked by a di«ul,id„ „„.„,. »„,.,t i , ..u„„ a .va.tiv,, .„.,,U .u,abl. 
: l>.nct.„„al ,K.rivatlv„ of ,„capto ,,r..up of „„., »,.„.„„u th- 

co«ple„e„tary 5„b-„nit cont„i„i„B a .„capt„ „ro„p. or 



^ are X.nked by a carbon-sulfur bond, addin, a .„b-„„U c„,uai„i„. a 

»ercapco .roup to f.. c„pfe„o„tary .„b-„„i. co..aX„f„, a carbon'-.arboo 
, ao ble bond or containing an epoxide function, or substituting a carbon- 
halogen bond by the mercapto group, or 

" IIJT t'l °' ' ""J-^"- ' — la , in .,,ic„ the .„b-u„it. 

I are linked by a c.rbon-nitrogen single „r double bond, condensing an 

i aitlt oTrd°' -"-"tt containing 

, an ..xno or hydrazine group, and. If desired, reducing the resulting 

I carbon-nitrogen double bond to a carbon-nitrogen single bond with a 
I "•sducmg agent, or 

•: "i 

=;:'f . . . 

«. IlnUd by a crbon-nitrogen single bond, adding a sub-unit c.„tal„l„. 
an a.t„o or a hydrazine group to the co„pl..entary sub-unit containing In 

Ln":Z::g^la^'^""°"' -ntalmng c.„,ugate. of cnoUne. „Ub 

12. A procss for the manufacture of phar.aceutlc.l preparation, 
acpording to clai. „. „Hich comprises „i,ing conjugate, of cytokines 
I With hu..„ is^unogiobulln with a .uitabl, ph.r«ic.utlc.l carrier 



13. A metimii of trifaliur. viral iiiliM Lio„:; ami Lummirs in an animal 
inclutiinr. man, which compris.':; a.hniii isit-riuR an cfl.fcLive amount of 
conjunaLes ol cvLokint-:; witli human i miiiunog iohu 1 i n accor»iint; Lo claim 1. 

14. ConjujML.ja ol cytokines with human iramunof.lobui in. substantially as 
hereinbefore dvscrihtMl and t-x.-mpl i t LmI. 

15. A process for the preparation of con.iu,;at..s of cytokines vith human 
immunoglobulin according to claim i. substantially as hereinbefore 
described and exemplified. 

16. Pharmaceutical preparations containing conjuRates of cytokines with 
human immunoglobulin, substantially as hereinbefore described and' 
exemplified. 

I/. A process for the manufacture of pharmaceutical preparations 
according to claim 11, substantially as hereinbefore described and 
exemplified. 

18. A method of treating viral infections and tumours in an animal 
including man, substantially as hereinbefore described and exemplified. 
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